Holt-Harris and Teague introduced eosin-methylene-blue as an indicator for differentiation of the colon from the typhoid-dysentery group of bacteria in 1916. Their medium consisted of 1 per cent Witte's peptone, 0.5 per cent beef-extract (Liebig's), sodium chloride, sucrose and lactose, solidified with 1 per cent agar. The reaction was adjusted to + 0.8 per cent normal acid. The medium was cleared with egg whites, filtered, and sterilized in the Arnold for 30 minutes at 100°C. on three successive days. They recommended, as an indipator, 2 ml. of a 2 per cent yellowish eosin and 2 ml. of a 0.5 per cent methylene blue per 100 ml. of the medium. The medium was very satisfactory for its purpose, but the details of preparation made it rather cumbersome and the necessitated change of peptones after the war, coupled with resultant differences in reaction of the medium adjusted on a total acidity scale, tended towards variable results in the hands of different investigators.
entiation of Escherichia coli from Aerobacter aerogenes, but was later found to be equally serviceable for differentiation of the Salmonella-typhoid-dysentery from the colon group of bacteria.
The foregoing ratio of eosin to methylene blue was based upon the pre-war Grubler dyes. The crude ratio of 2 per cent eosin to I per cent methylene blue is 4 to 1, but considering that the concentration of dye in eosin was about 85 per cent and the dye concentration in the methylene blue was only about 60 per cent, the actual ratio of eosin to methylene blue was approximately 5.8 to 1.
In the post-war period, variable results were obtained in different laboratories employing eosin-methylene-blue as an indicator. In some studies for the biological stain commission, Levine found that these could be attributed primarily to variability in methylene blue available on the market. Many of the samples of methylene blue submitted contained approximately 90 per cent dye, which would necessitate reducing the volume of 0.5 per cent methylene blue by about j if the ratio of eosin to methylene were to be maintained at 5.8, and avoid the bacteriostatic and other undesirable results associated with an excess of methylene blue. It was further observed that, for certified dyes, a concentration of 0.04 per cent eosin and 0.0065 per cent methylene blue in the medium was most suitable for differentiation of the coli-aerogenes from the paratyphoiddysentery bacilli. These are the concentrations of dyes employed in the dehydrated Difco eosin-methylene-blue agar. In preparation of the medium in the laboratory 2 ml. of 2 per cent eosin and 1.3 ml. of 0.5 per cent methylene blue, should be employed per 100 ml. of agar base.
Practically all texts and laboratory manuals retain the original recommendations, namely, 2 ml. of 2 per cent eosin and 2 ml. of 0.5 methylene blue, without any recommendation for adjustment of the quantity of methylene blue used to compensate for the higher dye content of American products, with the result that the medium, instead of being wine colored with an amber tinge, is violet approaching the blue (the ratio of eosin to methylene blue in a medium prepared as above would be 3.8 instead of the desired 5.8). On such a medium, members of the parathyphoid dysentery group are very likely to produce colonies with bluish centers, and growth of many strains is inhibited.
In a paper by Wynne, Rode and Hayward, 1942 , dealing with a study of the Levine eosin-methylene-blue agar medium, it is pointed out that if the eosin is left out, the organisms which ferment letose (Escherichia-Aerobacter) produce colorless colonies, whereas the non-fermenters (Salmonella, Eberthela and Shigella) take up the methylene blue producing deep blue colonies. On the other hand, if the methylene blue is omitted, the lactose fermenters take up the eosin, producing pink colonies whereas the non-fermenters are colorless.
On the standard eosin-methylene-blue agar, the non-fermenters (Salmonella, etc.) do not take up thepmethylene blue dye, thus indicating that in this medium eosin and methylene blue do not exist independently as a mere mixture, but rather as a compound, for, if the methylene blue were free it should be absorbed by the colonies of non-fermenting Salmonella, etc. They demonstrated further that "A solution of methylene blue and eosin in the concentrations employed in Levine's formula and buffered with 0.2 per cent K2HP04 yielded a copious precipitate at pH 4.7, at which hydrogen-ion concentration either dye alone is perfectly soluble." On analysis they found that the ratio of eosin to methylene blue in this precipitate was 2.4 to 1. For the concentrations of eosin and methylene blue suggested by Levine the ratio of eosin to methylene blue is approximately 5.8 to 1. It is apparently necessary to have a large excess of eosin to cause the eosin-methylene-blue reaction to approach completion and to insure the absence of free methylene blue so as to avoid adsorption of methylene blue by non-fermenting or alkali producing bacteria.
The ratio of eosin to methylene blue in the various formulae which have been discussed above are tabulated in table 1.
The effect of the presence of an excess of methylene blue (or insufficiency of eosin) would be expected to cause typhoid and other lactose non-fermenters to take up the methylene blue and produce blue colonies. That this was the case was demonstrated by Wynne, et al., in an experiment in which they employed 0.04 per cent eosin and 0.02 per cent methylene blue (that is, a large excess of methylene blue) and found that members of the colon group gave typical reactions whereas the paratyphoid-dysentery strains produced blue colonies. The ratio of eosin to methylene blue in their medium was 1.92.
An experiment was carried out to determine the effect of various concentrations of eosin and methylene blue on appearance of colonies of members of the colon-typhoid group on eosin-methylene-blue agar. The results are detailed in table 2.
It is apparent from the table that both the absolute and relative concentrations of eosi and mthylene blue are important in differentiation of the colon from the paratyphoid-dysentery groups. In medium A (eos./M.B. ratio 5.8/1) the colonies appear typical for all strains after 24-48 hours. In medium B (eos./M.B. ratio 3.8/1), which contains less eosin but also less methylene blue than medium A, the medium was more blue than the standard (medium A), the coli strains gave typical colonies with metallic sheen by reflected light, a deep wine to black color by transmitted light as in the control medium, but some of the paratyphoids tended to produce bluish centers which became more accentuated as period of incubation increased.
Medium D (eos./M.B. ratio 2.9), which was similar to medium B, except that it contained 30 per cent more methylene blue, showed typical coli colonies, although they were somewhat smaller in size, whereas paratyphoid-dysentery strains were not only somewhat smaller than on the control medium A, but they took on a deep blue (crockery blue) coloration. Microscopic mounts of the colonies disclosed that they were stained with methylene blue.
Medium E (eos./M.B. ratio 3.8), was like medium B but contained the quantities of dyes which would be present if the original formula without adjust-ment for dye concentration in American dyes were used. Coli-aerogenes colonies were typical, though smaller than the control; the paratyphoid-dysentery colonies were smaller than on the control medium (A) and showed distinct blue centers after 24 hours.
On medium C, which was the standard medium (A) to which had been added glucose in addition to lactose, all cultures produced what would be considered coli colonies, i.e., with distinct metallic sheen.
The foregoing observations extend those of Wynne, et al. , and illustrate the necessity for employing a sugar-free base for preparation of eosin-methylene- The American certified methylene-blue contains about 50 per cent more dye than the old Grubler product. In the preparation of Eosin-Methylene-Blue Agar, adjustment for this higher dye content is essential to avoid inhibition of growth and the development of atypical paratyphoid-dysentery colonies.
For best results, the ratio of eosin to methylene blue (actual dye content) should be approximately 6 to 1 to provide a sufficient excess of eosin to insure the absence of any appreciable quantity of uncombined methylene blue, and the reaction of the medium should not be more alkaline than pH 7.4.
The following composition of E.M.B. agar is suitable for both coli-aerogenes differentiation and detection of members of the paratyphoid-dysentery group of bacteria: 
